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Background:
Changes in water quality have persistently been an issue in America, stemming
from several changes that largely began within the last two centuries. Numerous
waterborne crises and diseases surged with few preventative measures until legislation
was enacted, generating the clean water act. Before this time, states were largely
responsible for maintaining their own waterways, creating problems for those located
downstream along major rivers that served as their surface water supply. Specifically,
New Orleans inherited significantly large amounts of waste from cities upstream with no
hope of any change until regulations were instilled (Shahin 2022). Numerous water
crises stemming from pollution were cited in the 1960s and 1970s that paved the pathway
towards waterway regulations. A manufacturing plant in Virginia dumped kepone into
the James River from 1966-1975, causing many of the company’s employees to suffer
from nerve and liver damage due to the insecticide poisoning (Schneider 2020). Copious
unethical dumping of manufacturing waste began coming to light from incidences similar
to this one; however, the crisis noted as the greatest call to action from a public
perspective was the 1969 Cuyahoga River fire in Cleveland, OH.
Although this river had caught fire nearly a dozen times before the issue came to
light in 1969, flames generated prior to this incident were depicted by news outlets that
focused on the damage incurred as opposed to what caused these fires. The river was
viewed by citizens as a part of the industrial infrastructure within the area, rather than an
environmental resource. The locals were not surprised when it happened that year, but the
story blew up nationally from an environmentalist perspective and sparked the public
demand for change. Many would argue that this event was a pivotal point in the history
of water regulation, giving the federal government even more reason to propose and
legislate the Clean Water Act of 1972 (“The 1969 Cuyahoga”…2020). The nature of
this fire and many other major water crises that preceded federal legislation were largely
due to oil spills from different industries in the surrounding areas. Thus, the Clean Water
Act of 1972 set out to focus on controlling point source pollution from industrial
discharge of pollutants and sewage into the community’s water sources.
Large improvements have occurred since the implementation of the clean water
act regarding the disposal of chemicals and waste from many industries nationwide. The
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process of filtering the wastewater from industrial institutions and sewage occurs largely
in two steps: primary and secondary treatment. Primary treatment is focused on
separating solid waste from liquid waste by allowing the solid components within the
wastewater to settle in large tanks by means of gravity to form sludge. In the past, most
of this sludge had been buried in landfills or dumped into oceans to avoid pollution in
surface freshwater sources. In 1992, dumping of sludge into oceans became illegal as its
effects on wildlife were evidently detrimental and unfavored by the public. As landfill
space has become increasingly limited, innovative ways have been incorporated to reuse
this sludge. Recent technology has allowed for treatment of this sludge for use as a
fertilizer and soil conditioner to help improve neglected land and forests. While most
companies have transitioned into utilizing this process, not all have fully committed to
the benefits this new technology can satisfy.
Secondary treatment is necessary for the conditioning of wastewater as it is
responsible for filtering out chemicals and toxins dissolved in the liquid discharge that
have been proven to be detrimental to water sources. Compounds such as kepone can
cause damage to the brain, liver and other vital life organs when consumed in a high
enough concentration to poison the body. This treatment process is highly variable
depending on the point source or institution that emits wastewater, as different plants
produce different products. Generally, organic material remaining in the water is treated
with different biological processes before mixing the resulting wastewater with high
concentrations of bacteria and oxygen. These processes then generate water, carbon
dioxide and minerals that are much safer for surface freshwater sources found in a
community (Schneider 2020).
The specific steps to produce water deemed safe to release into the environment
face several barriers. Alternatives to the standard secondary treatment method are
permitted in many states, such as waste stabilization ponds and trickling filters that are
prevalent most often in small communities. While more financially favorable, these
methods are not as beneficial for the environment as standard secondary treatment
methods. Although primary treatment is designed to filter out solid components of
wastewater, there are still some particles that remain for secondary treatment, specifically
in these alternative methods. The amount of total suspended solid (TSS) approved in
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water that enters back into waterways varies by state. For example, Indiana approves a
maximum of 70 mg/L TSS for reentry into the environment, an amount comparable to
other states (“Technology-Based”…2010). As states have the ability to make
adjustments to some federal water regulation standards, the level of point pollution in
surface water varies across the nation.
While significant improvements have been made since the implementation of the
Clean Water Act, Indianapolis has faced a major water quality hazard rooted in the
design of the city’s sewage system. As this system was built in the 1800s, it was not
initially engineered to meet modern water quality standards. The issue compounds as
these systems are used to filter the sewage of Indianapolis’s expanding population of
nearly 900,000 people, making it even more unsustainable. Currently, the system is
highly susceptible to failure when rainfall of ¼ inch minimum can cause the wastewater
to overflow into the city’s waterways, violating the Clean Water Act. This problem
formally known as Combined Sewer Outflow (CSO) is not confined to Indianapolis, as
many older cities in the United States were also not initially designed to preserve the
country’s waterways. To combat this issue, the city has launched a project known as the
DigIndy tunnel system. This tunnel system is planned to hold over 250 million gallons of
water, stored 250 feet below the city. Although the construction is still ongoing, this
project will allow the overflow of water from the sewage and stormwater system to enter
the tank system as opposed to the city’s surface water sources. The tank system will then
slowly release the sewage water into a treatment plant. While the implementation of
DigIndy tunnel systems will likely improve conditions for Indianapolis water, this project
is both time consuming and expensive. Today the city’s waterways are still susceptible to
pathogenic toxins found in sewage water that frequently floods the waters, with just a
minimal amount of rainfall (“DigIndy Tunnel”…2017).
Sewage overflow presents many dangers to the public, specifically in the form of
the bacteria Escherichia coli, that can lead to illness if ingested in large amounts.
Outbreaks of this contaminant as well as others have stemmed from untreated sewage
water that possesses fecal matter. The 1993 cryptosporidiosis outbreak caused over
400,000 people in Milwaukee to endure GI symptoms from this bacterium found in fecal
matter. Presence of E. coli can cause disease by both consumption and recreation
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depending on concentration levels in the water source. Fecal Coliforms are a type of
bacteria tested to measure E. coli concentrations in water sources. The presence of these
coliforms is an indication of contamination by human or animal feces, often sourced from
septic systems or sewage overflow (“Bacteria in Surface”…2019).
These high concentrations of E. coli come both directly and indirectly from
humans. While there are some animals who live along or come to the river to drink,
confined animal feeding operations (CAFOs) have additionally contributed to the amount
of fecal coliform in surface waterways. These farms are designed to increase productivity
and generate a high quantity of product. Many of these farms keep animals in spaces that
are highly confined, leading to an overabundance of fecal waste that would require extra
investment to redistribute as fertilizer. As an alternative, many of these farms create
manure pits that store the overflow of fecal waste on or near the farm itself. Although
these pits are in a confined space, rainfall produces runoff from these waste pits, filled
with E. coli and other hazardous bacteria, that travel directly into nearby waterways. The
pollutants from CAFO livestock manure have not been extensively tested relating to
delivery of nutrients or quality of water downstream from the initial source of pollution.
As Michigan, Ohio and Indiana all have large amounts of agriculture, the effects of
manure runoff in waterways have the potential to severely impact any locations south of
the pollution source (Kast 2018).
While the legislation of the Clean Water Act brought knowledge of the water
crisis to the public, 647 outbreaks of waterborne illnesses were recorded by the CDC
between 1971-1994 (Schneider 2020). Many of these water crises were caused by the
inability to control non-point source pollution in the communities affected. This type of
pollution occurs when stormwater runoff from both sewage systems and agriculture
enters surface water sources, revealing a much greater challenge for cities to maintain. As
food production has increased significantly, the amount of nitrogen and phosphorus used
for fertilizing crops and tending to livestock has increased exponentially. Fertilizers are a
main source of agricultural pollution, as the presence of excess nutrients causes an
imbalance in the water’s natural ecosystem. This imbalance leads to eutrophication,
resulting in algae blooms which are consumed by cyanobacteria once they die, disrupt
plant and animal life in the water. These disruptions result in the overconsumption of
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oxygen by heterotrophic organisms and becomes dangerous for both recreational use and
consumption of the water. As a result, surface water becomes much less biodiverse, more
susceptible to outbreaks of nuisance species, and increases greenhouse emissions within
the atmosphere (Tilman 1999).
Thesis Description:
The focus of my research will be largely focused on the water quality of the
White River throughout Indianapolis. I will be testing water samples from five different
points along the White River to analyze three of its contents, assessing the differing
levels of pollution along different points progressing down the river and through the city.
The locations I have chosen to test coincide with water gauge sites along the White River
and are as follows: Logan Street in Noblesville, 82nd Street, Broad Ripple Dam, Michigan
Road and Raymond Street. The surface water at these five locations will be tested every
two weeks during the fall and winter to control for season change and analyze quality
differences between seasons. Nitrogen and Phosphorus contents will be measured and
compared to national quality standards for evidence of eutrophication induced by human
disruption. Evidence of Escherichia coli through fecal coliform testing will also be
measured and compared to national quality standards in determining the severity of
sewage backup in the White River.
Research Methods
Escherichia coli measured through Total and Fecal Coliform Test
All water samples will be tested using a Colilert 18 kit (“Indexx”…2022) by
diluting each sample (1:10 or 1:100) appropriately and combining them with Defined
Substrate Technology (DST). This specific DST contains nutrient indicators orthoNitrophenyl-ß-galactoside (ONPG) and 4-methyl umbelliferyl-β-D-glucuronide (MUG).
These 100mL diluted samples are poured into an individual Quanti-Tray/2000, allowing
the diluted water to fill 48 large wells and 48 small wells. Each Quanti-Tray/2000 will be
intubated at 35°C ± 0.5°C and examined after 18-24 h to assess for confirmed total
coliforms and fecal coliforms. β-Galactosidase, a compound present in sample coliforms,
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reacts with ONPG in the Colilert-18 reagent (DST) and yields a yellow color in each well
the β-Galactosidase is detected in a high enough concentration to progress the reaction.
The yellow color indicates the presence of total coliform and is measured using the
Colilert-18 MPN table. Fecal coliform is detected in the same test as β-Galactosidase, a
compound found in Escherichia coli, is used to cleave MUG and create fluorescence in
wells with fecal coliform present. The presence of Escherichia coli can be confirmed as a
positive result under long wave UV light and quantified using the Colilert-18 most
probable number (MPN) table (“Indexx”…2022). Each water sample will be compared
and analyzed for differences along each point of the White River.
Nitrogen Test
All water samples will be tested individually using a LaMotte Nitrate Nitrogen
test kit that analyzes samples using a diazotization coupling reaction. The sample will be
mixed with acid and a color developing reagent, forming a pink color in the sample. The
tube will be mixed and inverted, ensuring that the solution is properly mixed. The sample
will then be placed in a comparator with ranges from 0.2-1.0 ppm nitrate nitrogen.
Analysis of the sample against the comparator will be done in indirect light to allow for
an accurate ppm measurement (“Aquatic Equipment”…2022). The samples from each
water testing location will be compared and analyzed. If tests exceed 1.0 ppm, repeat
tests will be conducted with higher comparator ranges (0-10 ppm) to determine a more
accurate measurement of nitrogen concentration in the White River.
Total Orthophosphate Test
Each water sample would be tested individually using a LaMotte low range
phosphate test kit that analyzes the water samples using the ascorbic acid method. I will
mix the sample with an ascorbic acid reagent to react with the orthophosphate in the
surface water. Ammonium molybdate will then be added as a coloring reagent for each
sample to turn a certain shade of blue depending on the concentration of orthophosphate
in the water. These samples will then be compared with one another, analyzed for
patterns and measured with a comparator. Samples with a higher amount of
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orthophosphate will present a darker blue color while samples with a lesser amount of
orthophosphate will present a lighter shade of blue (“Water Monitoring”…2012).
Results
Testing sites along the White River were sampled every two weeks over a period
of 12 weeks. Test dates include the following: Oct 22, Nov 5, Nov 19, Dec 3, Dec 17 and
Dec 31, 2021, as well as Jan 14, 2022. Samples were tested for nitrate nitrogen and
orthophosphate over this period in addition to monitoring the water temperature, water
flow and precipitation amounts. Samples were analyzed for total coliform and fecal
coliform over a period of 8 weeks as the last two samples (Dec 31 and Jan 14) and were
left in a cold storage that was terminated before they were able to be tested. Locations
specified were at locations where the street name or the area specified intersected the
location of the White River. These specific locations were chosen as they are distributed
throughout the Indianapolis metropolitan area and located either near or at river gauge
sites. Testing sites along the white river are depicted by the red circles in the image
below.
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Fig 1. Google Maps, Indianapolis and Northern Metropolitan Area, 27 March 2022.
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Fig 2. Nitrogen concentrations along five White River locations measured in parts per
million (1 ppm = 1 mg/l), Indianapolis, IN 2021/22 are depicted in the graph above.
In figure 2, the overlapping of test values in ppm occurred throughout several
parts of the graph. Both Logan St and 82nd street locations dropped from 4 ppm Oct 22nd
to 2 ppm Nov 5th. The Logan St, 82nd street and Broad Ripple locations all increased from
2 ppm to 4ppm between Nov 5th and Nov 19th. Broad Ripple and Michigan St locations
dropped from 4 ppm to 2 pm between Nov 19th and Dec 3rd. Logan St, 82nd St and
Raymond St all maintained 4ppm between Nov 19th and Dec 17th. Logan St and 82nd St
both dropped from 4 ppm to 2 ppm between Dec 17th and Dec 31st. The Broad Ripple and
Raymond St locations both maintained 4 ppm between Dec 17th and Dec 31st. Trends of
Nitrate nitrogen either rise or fall (other than those that stay constant) on the same dates,
despite the variation between each testing site. The Broad Ripple and Raymond St
locations both averaged 4 ppm Nitrate nitrogen over the testing period, the highest of the
locations tested. Michigan St averaged 2 ppm over the testing period, the lowest of the 5
locations.
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Fig 3. Orthophosphate concentrations (PO43-) along 5 White River locations measured in
parts per million (1ppm = 1 mg/l)in Indianapolis, IN 2021/22 are indicated in the graph
above.
In figure 3, the overlapping of test values (ppm) occurred in several parts of the
graph. Both the Logan St and Michigan St locations dropped from 0.6 ppm on Oct 22nd to
0.4 ppm on Nov 5th. The 82nd St, Broad Ripple and Michigan St locations increased from
0.4 ppm on Nov 5th to 0.6 ppm on Nov 19th, dropping again to 0.2 ppm on Dec 3rd. Logan
St and Raymond St locations maintained 0.6 ppm between Nov 5th and Nov 19th,
dropping to 0.4 ppm on Dec 3rd. Both the 82nd St and Michigan St locations increased
from 0.2 ppm Dec 3rd to 0.4 ppm Dec 17th. The Logan St and Raymond St locations both
increased from 0.4 ppm Dec 3rd to 0.6 ppm Dec 17th. The Logan St, Broad Ripple and
Raymond St locations all maintained an orthophosphate concentration of 0.6 ppm
between Dec 17th and Dec 31st. The 82nd St and Raymond St locations increased from 0.6
ppm Dec 31st to 0.8 ppm Jan 14th. Despite Logan St’s drop from 0.6 ppm Dec 31st to 0.4
ppm Jan 14th, trends are visible of orthophosphate either rising or falling (apart from
those that stay constant) on the same dates, despite the variation between each testing
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site. Raymond St averaged 0.6 ppm over the 7 tests performed, the highest of all 5
locations. Michigan St averaged 0.43 ppm throughout the duration of testing, the lowest
of all testing sites.
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Fig 4. Total coliform concentrations collected from five locations along the White River
measured in colony forming units per 100 ml of water, also known as most probable
number (MPN), Indianapolis, IN 2021/22 are shown in the graph above.
In figure 4, the Logan St location measured significantly higher than the other
locations on Oct 22nd at 10,112 colony forming units per 100 ml, while the second highest
value was at the Broad Ripple location measuring 96 MPN. The Michigan St location
measured the highest total coliform value of 1340 MPN, with the Broad Ripple location
falling behind at 336 MPN, but still significantly higher than the other locations tested on
this date. The samples taken on Nov 19th did not have any values over 100 MPN and Dec
3rd only had one larger than 100 MPN at the Logan St location, measured at 189 MPN.
Samples taken on Dec 17th all measured above 3000 MPN, significantly larger than the
samples taken just 2 weeks before.
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Fig 5. Average total coliform concentrations measured in colony forming units per 100
ml, also known as most probable number (MPN) from 5 sets of water samples along the
White River in Indianapolis, IN 2021/22 taken over a period of 8 weeks, are depicted in
the graph above.
In figure 5, the Logan St location’s average MPN of total coliform is over 4x as
large as the average for the remainder of the locations: 82nd St, Broad Ripple, Michigan St
and Raymond St. These 4 locations are all within a total coliform concentration 300 MPN
of each other.
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Fig 6. Fecal coliform concentrations are measured in colony forming units per 100 ml,
also known as most probable number (MPN) at different specified points along the White
River in Indianapolis, IN 2021/22.
In Figure 6, trends of fecal coliform mimic the total coliform concentrations
measured over the same period at the same locations, depicted above in fig 4. While the
82nd St, Broad Ripple, Michigan St and Raymond St locations all obtained values of 10
MPN fecal coliform or less on Oct 22nd, the Logan St location tested a value of 784 MPN,
over 75x higher than the other locations on that date. On Nov 5th, Nov 19th and Dec 3rd, all
values tested 20 MPN or less. On Dec 17th, Logan St measured 1565 MPN, over 5x as the
Michigan St location, the next highest value.
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Fig 7. The average values of fecal coliform concentrations taken from the White River in
Indianapolis, IN 2021/22 every 2 weeks from Oct 22nd to Dec 17th are depicted above.
These values are measured in colony forming units per 100 ml, also known as most
probable number (MPN).
In figure 7, the Logan St location measures the highest at an average of 476 MPN,
over 7x the Michigan St average measure of 62 MPN, the next highest value. The Broad
Ripple location measures the lowest average fecal coliform value of 25 MPN. The 82nd
St, Broad Ripple, Michigan St and Raymond St locations all average within a range of 50
MPN.

Kiley Wardwell 15

Fig 8. Volumetric Discharge by the White River in Indianapolis, IN 2021/22, over the 3
month sampling period is depicted above (United States Geological Survey).
As seen in figure 8, streamflow drops below 2000 ft³/s just before testing on Oct
22nd after a steep drop from several days prior. A significant peak is observed between
test dates Oct 22nd and Nov 5th, averaging just around 2000 ft³/s on the date (Nov 5th) and
time the sources were sampled. There was a significant drop in volumetric discharge
between mid Nov and early Dec. As depicted during the Nov 19th and Dec 3rd test dates,
these values each averaged around 1000 ft³/s at the time of water sampling. Two
distinguishable peaks are observed before the next sampling date, Dec 17th, averaging
around 3000 ft³/s at the time these samples were obtained. Significant increase in
volumetric discharge is observed again around the next test date, Dec 31st, averaging
around 7500 ft³/s at the time samples were collected. On the last collection date, Jan 14th,
the streamflow drops again below 2000, averaging about 1500 ft³/s at the time of
collection.
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Discussion
Impacts of agricultural and industrial effects on water quality have been studied
and monitored much more closely since the establishment of the Clean Water Act in
1972. Evidence from this study suggests that Indy’s combined sewer overflow, embedded
in the city’s septic system design, continues to have a negative impact on surface water in
the White River. Rain or other forms of precipitation have shown evidence of increased
water contamination throughout the duration of this study, specifically regarding total and
fecal coliform counts (Fig. 4/6). Increases in streamflow just before or on the sample date
coincide with higher levels of total coliform and fecal coliform present in the areas
sampled along the White River.
Weather changes had a significant impact on the results throughout the study and
should be considered when drawing conclusions about the water quality in the White
River. To fully analyze the quality, one should take samples over a period of months or
years to control for weather related changes that could easily skew results over a short
period of time.
All locations tested for nitrate nitrogen averaged below a concerning level in the
White River, with the highest average being 4 ppm at the Broad Ripple and Raymond St
locations. No individual values tested above 6 ppm (Fig. 2). Although the Broad Ripple
and Raymond St locations are further downstream, the distribution of values and
differences between values is not significant to draw conclusions that support the
hypothesis. Additionally, samples tested for orthophosphate all fell within a relatively
low range of values between 0.2 and 0.8 ppm, with Raymond St averaging the highest at
0.6 ppm (Fig. 3). Similar to nitrate nitrogen, the differences in average values at different
sampling locations aren’t large enough to draw a conclusion to support the hypothesis,
despite the highest orthophosphate concentrations found at the site furthest south.
Fortunately, these specific values for nitrogen and phosphorus are not considered high
risk for human health. However, further impairments to the water quality along the White
River can be found on the EPA’s website, as the water quality for human health regarding
any contact is labeled impaired for all areas tested in the Indianapolis metropolitan area
used in this study.
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While the results from this study do not support the hypothesis of increased
impairment further south on the river, evidence suggests that the Logan St location in
Noblesville is more impaired than the other locations tested in this study. Specifically,
this conclusion is drawn from the results of total and fecal coliform tests. Total coliform
was found to have an average concentration over 4x higher in the Logan St location than
any of the other locations tested in this study (see fig. 5). Over the course of this study,
fecal coliform also had a significantly higher average concentration in the Logan St
location, over 7x the average values for any of the other testing sites (see fig. 7). This
location is much closer to rural areas and farms upstream than the other 4 testing sites.
Increases in fecal and total coliform could be explained by livestock waste runoff from
manure pits, improper recycling of farm waste, other septic issues within the area or a
combination of these factors.
As damage from the time prior to the Clean Water Act is still being undone,
Indiana still has several pollutants contaminating its water. This study and other similar
studies of the White River have the potential to provide some baseline data to compare to
water quality once the DigIndy project is finished. As weather changes and many other
factors heavily influence the number of pollutants in the water, future studies could
include more frequent sampling and testing to obtain more accurate average values for
water quality measures such as fecal coliform, nitrate nitrogen and orthophosphate. As
weather changes and population growth continue to pose challenges to obtain freshwater
for daily use, it is imperative that governmental powers ensure that the quality of water
available for human use is safe and sustainable. While many may not feel the direct
impacts of polluted and environmentally imbalanced water, possible upcoming water
shortages have the potential to cause significant water problems in the future if little to
nothing is done to change the pollution still observed in Indianapolis today.
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